We have determined the sequence of a DNA fragment containing the Escherichia coli serB gene. An open reading frame of 966 nucleotides was identified that encodes a polypeptide of 322 amino acids with a molecular weight of 35,002 daltons. The transcription start site was determined by Mung Bean nuclease mapping. The -10 and -35 regions of the serB promoter lack homology to the consensus sequences. In addition, the -35 region of the sorB promoter overlaps the -35 region of a second divergent promoter. Frameshift mutations were constructed at three different sites within the serB gene. When plasmids carrying these mutations were used as templates in a minicell system, mutations closer to the proposed transcription and translation start sites resulted in smaller polypeptides than those further away, confirming the proposed direction of transcription and translation. The observed sizes of the truncated and native polypeptides were in agreement with those predicted from the DNA sequence. A very stable stem and loop structure (AG = -32 kcal/mole) that does not fit the criteria of known transcription terminators was found one nucleotide downstream from the putative UAA translation stop codon.
INTRODUCTION
The final step in serine biosynthesis in Escherichia coli is the hydrolysis of the phosphate group from phosphoserine to yield serine. This reaction is catalyzed by phosphoserine phosphatase (PSP) (1, 2), the serB gene product. The serB gene is located between the deoD and trpR loci, at about 100 minutes on the E. coli chromosome (3). A 5.3 kilobase pairs (kbp) fragment of the E. coli chromosome that contains the serB gene has been cloned and the approximate location of the BerB gene within this fragment determined (4).
We were interested in sequencing and characterizing the serB gene for the following reasons. First, it is a constitutively expressed biosynthetic gene (1, 2) and may exhibit unique RNA polymerase and ribosome binding characteristics. Second, since the serine pathway is interrelated with a number of other metabolic pathways (5) , characterization of the serB gene may help reveal how E. coli orchestrates the numerous metabolic events in which serine plays a role. The present study serves as a step toward the understanding of the serB gene at the molecular level.
MATERIALS AND METHODS

Strains and plasmids
All bacterial strains are derivatives of E. coli K-12. Strain GS359 is F~ 2euB6, thi-2, supE, 2acYl, tonA21, hsdRS, (deoD, serB, trpR, dye)A and was provided by R. Somerville. Strain GS200 is a minicell producer and was obtained from G. Zurawski. Plasmid pBR322 (6) was from G. Zurawski.
Plasmid pserB59-l contains the serB gene on a 5.3 kbp BamHI fragment of E. coli chronosomal DNA cloned into pBR322 (4); it was obtained from R.
Sonerville. Other plasmids were isolated during this investigation.
Media
Luria broth (LB) and glucose minimal medium have been described previously (7) . Supplements were added at the following concentrations: amino acids, 50 pg/ml (serine was added at 200 pg/ml); vitamins, 1 |Jg/ml; ampicillin (Ap), 150 pg/ml; chloramphenicol, 300 pg/ml for plasmid amplification.
Restriction, ligation and transformation
The procedures for restriction endonuclease cleavage, ligation and transformation have been described (7) .
Plasmid isolation
Plasmid DNA was prepared from chloramphenicol-amplified cells (8) by a sodium dodecyl sulfate lysis procedure, followed by ethidium bromide-cesium chloride equilibrium density gradient centrifugation (9, 10) . The quick screen method of Holmes and Quigley (11) was used for rapid analysis of small quantities of plasmid DNA.
DNA sequencing and nuclease mapping
The DNA sequencing procedure of Maxam and Gilbert was used (12) with the modifications of Smith and Calvo (13) . Gel electrophoresis was carried out as described by Sanger and Coulson (14) . DNA fragments used for sequencing were isolated from polyacrylamide gels as described previously (15) .
Fragments were labeled with 32 P at either the 5' end with T4 polynucleotide kinase or at the 3 1 end with DNA polymerase I (Klenow fragment) and were either strand separated or cleaved with a second restriction enzyme before analysis. Labeling and isolation procedures are described in Maniatis et al. (16) .
The transcription initiation site for the serB gene was mapped as described previously (15) The transcription initiation site for a second gene divergent from the serB gene was determined as described above except that a 275 bp BstNI fragment that spans the promoter region was used for labeling.
In vitro mutagenesis
Plasmid pGS143 (5 Mg), which contains the serB gene, was incubated with the restriction endonuclease Jfspl (20 units) in the presence of ethidium bromide (EtBr) (0.030 mg/ml) for 40 minutes at 37°C. This procedure results in a single cleavage site per plasmid due to intercalation of EtBr upon relaxation of the supercoiled structure (17) . The digestion mixture was loaded onto a 0.8% low melting temperature agarose gel and electrophoresed at 4°C. Linearized DNA was isolated from the gel as described (16) . The an Sstll site is unlikely to occur except by the proposed mechanism ( Fig. 1) , the mutations were not confirmed by DNA sequencing. 
Minicell preparation
The minicell-producing strain GS200 was transformed with plasmid pGSl43
or three derivatives of this plasmid (pGS154, pGS155 and pGS156) containing frameshift mutations in the serB gene. Growth and purification of minicells were as previously described (4 Table 1 gives the codon usage data for PSP.
A transcription initiation site for a gene divergent from the serB gene was also detected by Mung Bean nuclease mapping (Fig. 4B ). This initiation site is 62-63 bp upstream from the serB transcription initiation site, and its -10 and -35 regions show homology to the concensus sequences (Fig. 3) .
The -35 region of this promoter overlaps the -35 region of the serB promoter.
A Shine-Dalgarno sequence and ATG start codon (Fig. 3 ) precede an open reading frame of 642 bp, and mutation analysis has verified that this region encodes a polypeptide with a molecular weight of about 25,000 daltons (unpublished).
Direction of transcription and translation of the serB gene Using plasmid pGS143, three insertion mutations were isolated that did not complement the serB deletion mutant GS359 (designated plasmids pGS154, pGS155, and pGS156). The location of each insertion was determined by restriction endonuclease mapping (Fig. 5 ). When these plasmids were used as templates in a minicell system, the polypeptides made from the serB gene were smaller than the serB polypeptide (Fig. 6 ). Insertion mutations closer to the putative transcription initiation site resulted in smaller truncated polypeptides, confirming the direction of transcription and translation. The observed sizes of native and truncated serB polypeptides were in good agreement with the sizes predicted from the DNA sequence using the proposed ATG start codon (Table 2) .
DISCUSSION
The nucleotide sequence of the E. coli serB gene has been determined.
The open reading frame from nucleotide +33 to +998 (Fig. 3) A. confirming the proposed direction of transcription and translation; (iv) the sizes of the truncated polypeptides produced in these frameshift mutants corresponded to the predicted sizes as determined from the nucleotide sequence (Table 2) . mapping. This is difficult to explain at this tine. Perhaps there is another sigma factor produced by E. coli that can recognize the serB promoter.
An additional sigma factor (a 32 ) is involved in the heat-shock response of E.
coli (23) . Interestingly, the serB -10 region (CCTCATGC) shows considerable homology to the a 32 consensus sequence (CCCCATTT) (24) . However, an E. coli strain carrying a plasmid with a serB-lacZ fusion did not produce increased levels of f3-galactosidase after heat shock at 42°C for 5 min (data not shown).
Perhaps a 32 is involved in the transcription of the serB gene independent of the heat shock response. Alternatively, the serB gene may have a poorly transcribed but very stable messenger RNA. Some poorly transcribed genes, such as the malT and lad genes, have either promoter -10 or -35 regions with poor homology to the consensus sequences (25, 26, 27) . Additional experiments, such as measurement of serB mRNA synthesis, mRNA stability studies and replacement of nucleotides within the promoter region will help to resolve these questions. The serS promoter overlaps in its -35 region with a second divergent promoter (Fig. 3) . The genes coding for the functionally related PstI restriction and modification enzymes have previously been shown to have overlapping divergent promoters (28) . Perhaps there is a functional relationship between the serB gene and the divergent gene.
The very stable GC rich stem and loop structure at the 3' end of the sorfi gene may be a transcription terminator. However, the lack of any T residues immediately downstream from the stem and loop structure excludes this as a rho independent terminator and its close proximity to the sarB (Fig. 3) and SDS-polyacrylamide gels (Fig. 6 ), respectively.
translation stop codon (one nucleotide), its GC rich stem, and a significant amount of potential upstream RNA secondary structure (not shown) suggest that it does not serve as a rho-dependent terminator (29) . Perhaps it has some other function not related to transcription termination, such as imparting a greater stability to the mRNA transcript.
In addition, there is a good Shine-Dalgarno sequence 6 bp downstream from this hairpin structure, followed by a possible GTG start codon (Fig.   3 ). The start codon is followed by an open reading frame of at least 480 bp (unpublished). Therefore, it is possible that the serB gene is part of an operon that codes for at least one other gene. This gene may correspond to a 55,000 dalton protein which was previously associated with the region downstream from serB (4). We are presently characterizing this region to determine if there is any relationship between this gene and the serB gene.
The production of two base pair insertion mutations by Jfspl-Sstll mutagenesis is a better method for the determination of the direction of transcription and translation and the approximate translation start site than the previously described Tn5 insertion technique (30) . Tn5
insertional mutagenesis results in a larger plasmid and in a greater number of plasmid encoded polypeptides. Both of these factors hinder the characterization of these mutants. Mspl-Sstll insertional mutagenesis avoids these problems as well as allowing a more accurate localization of the site of mutagenesis. The concomitant loss of an Hapl site and gain of an Sstll site eliminates the need to verify the site of mutagenesis by DNA sequencing. The site of translation termination for truncated polypeptides can be precisely determined if the nucleotide sequence is known. One possible drawback to this technique is that some Jfspl sites may be preferentially cut over other sites, making it difficult to isolate mutations at a number of locations within a particular gene. However, this problem may be circumvented by using the same technique with other restriction enzymes, such as Taql and HinPI to generate ffrul and BssHII sites, respectively. Use of these restriction enzymes will result in 2-bp frameshift mutations.
